Selective degeneration of postsynaptic neuronal dendrites is a pathological hallmark of brain injury in stroke and other neurological disorders. We examined dendritic injury in primary cultures dissociated from mouse neocortex. Neuronal morphology was visualized using the fluorescent membrane tracer, DiI, or immunofluorescence with antibodies to the dendrite-specific microtubule-associated protein, MAP2. Deprivation of oxygen and glucose for 30-60 min resulted in segmental dendritic beading, or varicosities, and loss of dendritic spines. This pattern of dendritic injury was blocked by addition of selective NMDA antagonists, and was reproduced within 5 min of exposure to 10-100 mM NMDA. Widespread dendritic varicosity formation occurred even with exposures to oxygen-glucose deprivation or NMDA which resulted in little neuronal death by the following day. Despite marked structural changes affecting virtually all neurons, dendrite shape returned to normal within 2 h of terminating sublethal oxygen-glucose deprivation or NMDA application. Rapid, reversible changes in dendritic structure may contribute to alterations in neuronal function following glutamate receptor stimulation under physiological or pathological conditions. r
INTRODUCTION
The neuronal dendrite plays an important role in the integration of excitatory and inhibitory synaptic inputs, and it can compartmentalize and isolate local elevations of calcium remote from the cell body. Structural alterations in the postsynaptic dendrite have been proposed to underlie neuronal plasticity in the setting of physiological synaptic transmission and long-term potentiation (see Calverly & Jones, 1990; Crick, 1982) . Under pathological conditions of excessive synaptic activation, however, the dendrite may be selectively vulnerable to injury. Hypoxic-ischemic brain injury is associated with selective degeneration and swelling of dendrites, with relative sparing of axons and nonneuronal cells (Ikonomidou et al., 1989; Matesic & Lin, 1994; Hsu & Buzsaki, 1993) , and dendrosomal swelling is a pathological hallmark of glutamate receptor-mediated brain cell injury, or excitotoxicity (Olney, 1971; Olney et al., 1979) . Although mechanisms of excitotoxic neuronal death are extensively studied at the cellular level (Rothman & Olney, 1987; Choi, 1992) , little is known about how hypoxia alters dendritic morphology or how hypoxic dendritic injury might be related to neuronal survival.
In cell culture, neuronal cell death is accompanied by widespread degeneration of neurites, often characterized by retraction and fragmentation over minutes or hours. However, it is not known whether such acute changes in neurite morphology can occur even without cell death. We examined dendritic injury in previously characterized cell culture models of hypoxic and excitotoxic neuronal injury. In dissociated cortical neuronal cultures, deprivation of oxygen and glucose results in acute swelling of neuronal cell bodies, followed over several hours by selective death of neurons but not astrocytes (Goldberg & Choi, 1993) . Neuronal cell loss is mediated largely by glutamate release and toxic overactivation of NMDA receptors, and both swelling and subsequent neuronal death be blocked by selective NMDA antagonists. In this culture system, phase-contrast microscopy serves to assess somal shape
